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(54) Method of produdng sugars using strong add hydrolysis of cellulosic and hemicelluiosic 
materials 



(57) An economically viable method for produdng 
sugars using concentrated acid hydrolysis of biomass 
containing cellulose and hemiceilulose is disclosed. The 
cellulose and hemiceilulose in the biomass are first 
decrystallized and then hydrdyzed to produce a hydro- 
lysate containing both sugars and acid. Silica present in 
the biomass can then be renmed for further process- 
ing. The remaining solids are then 8iA>jected to a sec- 



ond decrystallization and hydrdyzation to optimize the 
sugar yields. An improved method for separating the 
sugars from the acid in the hydrolysate is also cDs- 
dosed. The resulting sugar stream can then be fer- 
mented, using an Improved method which allows both 
hexose and pentose sugars to be fermented simultane- 
ously 
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wool The present invention relates to a process for 

hydrolysing b,omass, and. more specif icaliy to 

ess for producing sugars through concentrSeS JZo 

Backnrni.nrt,Tf|f,. iRirrntinn 

[0002] CellUose comprises the major part of all Plant 

celtiS^ r <*«e assodatfon with heml- 

<»^fee the major 
components of plant fiber cells. Cellulose cor«l^ 

flie 1.4 poations. These linkages cause the cellulose to 
and thus a low acce^Z 
phous hetero-pdymer which is easily hydrol«S 
STed'aZn^^^r PoUTS 

JM^Ithas been estimated that about three quarters 
o^the approximately 24 million tons of bfomasJ^J^ 
ated J, cultivated lands and grasslands is wastf Te 
utteaton Of siK*. waste materials for developing a«2 

JSUreSfoS:Lj--srred?~ 
an™,.^emer^™^^^^^^ 
of sugars, due primarily to the crystalfine structure 
^ose and the presence of lignin therein 
lOOHl P^swously reported processes for hydrolvsina 
cellulose include biological and non-ttoloSXSj cS 
depolymeriration. The biological methSs in^TttS 
use a cellulase enzyme. The oldest arri t^J^JJ! 

r«e'?f^"=^ ^Ssfm'^r 
lose IS the use of add hydrolysis. The acid most c«m. 
monly used in this process as sulfuric acS^ 
sulfunc add hydrolysis can be categoriSd 

use of 0.5% to 15% sulfuric add to hydrdyze the cellu- 

90-600* Celsius, and pressure up to 800 psi are necT 
sary to effect the hydrolysis. At Sigh tem^Xi^ 
sugars degrade to form furfural ail oIHS^ JaSS 
.IT"^!' ^ yields are gene^iy 

from cellutos«: material in high yields at low c^T^ 
I0006J The concentrated add processes have been 

suga. These processes typically involve the use of «)% 
to 90% sulfuric acid to effect hydrolysis. Thi p^ 
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e^es. aWiough successful aTProducing sugar yields 

Tdd '° ? «^ concentrated suHiTfe 

acid and its subsequent recovery, the difficulties 
«xoun^ed in handling concentrat Jsu«urictSS^^' 
the need for equipment resistant to the add at high tern 
^^ures. lnadd«ion.theh^her.headd«,nSS 
;;^ng ^these processes bdng economically disad: 

lOm More recently, however, the concentrated add 
r^^S (sTl T 'iriS «^ tocus of add*S 
rfifT L !, Gharpuray and YH Lee 

Ce^utose Hydrolysis, fx 170-172. 1992 and J.D SoS' 
J.W. Bamerand G.R. Ughtsey. "Conversion 
Trash and Other Residues to Liquid Fuel" orJLZ^ 

Engineers. December 14-15. 1992.) Such7ro^s2= 

«s to Ivdrolyze the hemicellulose portion Snefn 
^rdysis to hydrolyze the celUoS^^ S\ ^ 
hydrolysis to form glucose fJ^li^cS'arS 

fn«o J^"'® """^ *hidi is then heated to at 
StisTl^"^*^**" "^^ hemicellulose. ThTrl? 
only virtually all of the Cg sugars, but also Cg sugars 
Th^e Ce sugars are thus not recovered if the C. suSr 
ZTJ^ sugar is 

is rlX,**^ P'*'"*^ priydJ,S£ 
aep '8 removed, concentrated add is added to disniot 
tfie crj^talline lattice of the cellulose and form gS^ 

TOs Been recognized, however, that in order to commer- 

sud, a p««ess. the steps must be sir^STe 
energy consumption reduced, and the^iffiSfie^ 
J^unte^ln recycling spent adds eliminatS 
I0008J Additional problems laced in the cormierdaB- 

^TJ^ •^^"•^^ P«>cesses1S?e 
0^22 Jl? ^^'™*^'^9yP«" «hen the spent 

Bons resulbng from the processes require the need for 
conation before fermentation «n ^^"^ 
5«lrolysis IS carried out at tenveratureTaboS WC 

^ """^P^ '"hibH fermeS- 
taton. and some are toxic. 

[0009] In addition to these difficulties, it has been rec- 
^;«dthathefem,entationofthesu^arsp^^ 

Ss^^L''!!^^'' ^"^ hemicelluiiJe 

TMults in the production of both Cj and C^ sugars The 
hexose sugars are l«iown to ferment easily. Se th^ 

?hTrhrr r ^"^^'^ c.fficu« totmem 
Thus the resulting sugars must first be separated 
Which Often involves tiie use of complicated seS a S 

SJZ"^ ^'■««^«"t mIcrooT 

ganisms known to ferment either hexose or pentose 



2 



3 



EP 0 964 061 A2 



sugars alone. 

[0010] Previous acid hydrolysis processes have not 
taken into account how biomass containing high 
amounts of silica are to be treated. Disposal of the silica 
poses a potential environmental and economic liability, s 
In projects that use biomass to generate energy by 
combustion, high silica means high slagging tendency, 
as well as problems with handling large quantities of 
ash produced when the biomass is burned. 
[001 1 ] Yet silicon compounds are of great commercial io 
importance, and the recovery of silica from agricultural 
waste has become inaeasingly important. (See A. Kar- 
era. S. Nargis. S. Patel and M. Patel, "Silicon Based 
Materials from Rice Husk". Journal of Scientific & Indus- 
trial Research. Vol. 45. 1986. pp. 441-448.) It Is well is 
known that treatment of the biomass with sodium 
hydroxide will dissolve cellulose and hemk^ellulose. 
allowing their separation from the lignin. However, small 
chain cellulosics often contaminate the silica product 
during the removal process, thus kswering the sugar so 
yield In addition, the renrKival of the silica, done by filtra- 
tion, is hampered by the fbrn^tion of a thick gel which is 
very difficult to filter. 

[001 2] U.S. Patent No. 4.427.584 discloses a process 
to convert alpha-cellulose to sugars. The cellulose is 2s 
treated with sulfur trioxide and water and then dried to 
give decrystaillzed cellulose fibers. The dried f bers are 
then treated with sulfur trioxide to form sulfuric acid, and 
subjected to heat and pressure to dissolve the cellulose 
and form fibers of amorphous cellulose. The amor- so 
phous cellulose fibers are then hydrolized and the sug- 
ars extracted by an aqueous solution. 
[001 3] U.S. Patent No. 5. 1 88.673 discloses a process 
whereby lignocellulosic materials are con(i)ined with 
sulfuric ackl and heated to effect their hydrolysis and ss 
produce sugars. In this process, the concentration of 
the solids in the reaction mixture is kept tow. ranging 
from 2-10%. 

SHmTOry of tho Invention 40 

[001 4] According to one aspect, the present invention 
provides a method for producing sugars from materials 
containing cellulose and hemicellulose. The method 
involves nixing the biomass with a solution of between 4S 
25% and 90% acid, and more pref^ably, t>etween 70% 
and 77%. to effect decrystallization of the cellulose and 
hemicellulose. In a prefen-ed embodiment, the add 
solution is added to achieve a ratio of pure acki to cellu- 
losic and hemicellulosic material of at least 1:1. More so 
preferably, the ration achieved is 1.25:1. The add used 
in the preferred embodiment of the invention is sulfuric 
acid. 

[0015] According to another aspect of the present 
Invention, hydrolysis of the cellulosic and hemicellulosic ss 
materials is achieved by diluting the acid to a concentra- 
tion of between 20% and 30%. and heating the mixture. 
Preferably, the mixture is heated to a temperature of 
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between 80-100''C for betwl^piO and 480 minutes, 
and the hydrolysis is performed at atmospheric pres- 
sure. The hydrolysate is then separated from the solid 
materials, preferably through the pressing of the hydro- 
lyzed biomass. The liquid hydrolysate which contains 
sugars and add is collected for further processing. 
[0016] In a preferred embodiment of the present 
invention, the raw materials are first washed to remove 
dirt and contamination. The materials are then option- 
ally dried, preferably to a moisture content of about 
1 0%. The raw materials can then be commuted to parti- 
des. preferably of a size of between 0.075 mm and 7 
mm. and more preferably to an average size of about 5 
mm before decrystallization. This commuting can be 
done by any of a number of means, Induding grinding, 
chopping and hammermiliing. 
[0017] According to another aspect of the present 
invention, the decrystallization and hydrolysis of the raw 
materials are repeated. The solid material separated 
after the first hyilrolysis is mixed with a solutton of 25- 
90% sulfuric acid, and more preferably, between 70% 
and 77% sulfuric add. thereby further decrystallizing 
the remaining solid material. In the preferred embodi- 
ment, the acid solution is added to achieve a ratio of 
pure add to cellulosk; and hemjcellulosic material of at 
least 1 :1 . More preferably, the ratio achieved is 1 .25:1 . 
[0018] To effect a second hydrolysis, another aspect 
of the present invention, the acid is then diluted to a 
concentration of between 20% and 30%, and the mix- 
ture is heated thereby further hydrolyzing cellutose and 
any remaining hemicellulose. Preferal^y. the mixture is 
heated to a temperature of between OO-IOO^'C .for 
between 40 and 480 minutes, and the hydrolysis is per- 
formed at atmospheric pressura The hydrolysate ^ is 
then separated, again preferably by pressing the hydro- 
lyzed biomass. The liquid hydrolysate is collected and 
preferably mixed with the first hydrolysate for further 
processing, while the remaining solid material may be 
optionally pelietized for fuel. 
[0019] Another aspect of the present invention pro- 
vides an improved method for separating the sugars 
from the add in the hydrdysate to produce a liquid con- 
taining a total of at least 15% sugar which is not more 
than 3% add. This method involves the use of a resin 
separation unit wherein the sugars are adsorised on a 
strong add resin. The resin separation unit is preferably 
a cross-linked polystyrene cation exchange resin bed. 
wherein the resin is cross linked with divinylbenzene 
and treated with sulfuric add to produce a strong acki 
resin. Preferably, the divinytoenzene is at a concentra- 
tion of from about 6% to about 8%. Alternatively, this 
resin can be formed by polymerizing vinylbenzyl chlo- 
ride with divinylbenzene and treating with sodium sulfite 
to produce a strong acid resin. Again, preferably the 
divinylbenzene is at a concentration of from about 6% to 
about 8%. 

[0020] The preferred form of the resin used in the sep- 
aration step is beads having a diameter of from about 
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200 to about 500 micrometers. Pr J^py. the resin bed 
has a flow rate of from about 2 to about 5 meters per 
hour and Is heated to a temperature of 40-60X. In the 
prefen-ed embodiment, the resin bed has a tapped bed 
density of 0.6 g/ml to 0.9 g/ml and the resin has a strong 5 
acid capacity of at least 2 meq/g. 
[0021 J In a preferred embodiment the hydrolysate is 
added to the resin bed. and the sugars are adsorbed 
onto the resin. The resin is then purged with a gas sub- 
stantially free of oxygen, which pushes the acid out of 10 
the resin before the washing step. This washing step 
comprises washing the resin with water substantially 
free of oxygen, thereby producing a sugar stream con- 
taining at least 98% of the sugar present in the hydro- 
lysate added to the separation unit 
[0022] In yet another aspect of the present invention, 
after the separation of the acid from the sugar stream, 
the add is preferably concentrated for reuse. This con- 
centration preferably is in the form of evaporation. 
[0023] In still another aspect of the present invention, 
there is provided an improved method for fermenting the 
sugars produced by the concentrated acid hydrolysis of 
cellulosic and hemicellulosic materials to form an alco- 
hol. The fermentation process comprises adjusting the 
pH of the sugar stream to neutralize any remaining add 
and to remove metal ions. Preferably, the pH is adjusted 
by adding a base such as caldum t^roxlde or caldum 
oxide until the pH reaches about 11, and then back 
titrating with add to a pH of about 4.5. Nutrients such as 
magnesium, nitrogen, potassium phosphate, trace met- 
als and vitamins are then added to allow growth of 
microbial organisms. The sugar solution Is then mixed 
with a miaobial organism known to produce useful fer- 
mentation products. These useful fermentation prod- 
ucts include ethand. n-butanol. isopropyl alcohol, acetic 
add. glycerol, butyric acid, lactic add, 2.3-butandiol. 
propionic add. itaconic add. citric acid, fumaric add 
and acetone. 

[0024] The fermentation process of the present inven- 
tion further comprises allowing the fermentation to pro- 
ceed for 3-5 days, while preferably continuously 
removing volatile fermentation products by redrculating 
cartKMi dioxide through a cooled condensing column. 
After 3-5 days, the fermentation products are collected 
from the condensing column and distilled. The yeast are 
separated from the fermentation products, preferably 
through centrifugation. and can be recyded for reuse. 
[0025] The microorganisms used in the fermentation 
process of the present invention can be, for example, a 
yeast such as Candida kefyr. Pichia stfoitis. respirafory so 
defident strains of Saccharomvces cerevisiae. 
tia nsenula anomala, Hansenula jadlpl j , Hansenula fal^i> 
anii and Pachvsden tannophllus . These yeast are pref- 
erably grown on pentose solutions for about 1 to 2 
weeks prior to their use in the fermentation process, ss 
Alternatively, the microorganism can be a bacteria such 
as Clostridium species. Acetobacter spedes, Lactoba- 
Ste spedes, ^QS£gilIis species, Proplonibacteria epe- 
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des and Zvmononas mobilis. 
[0026] Yet another aspect of the present invention pro- 
vides a method for removing and processing silica from 
biomass such as rice straw and cotton gin trash which 
contain high amounts of silica. This method involves 
treating the sdid material remaining after the first 
hydrdysis with sodium hydroxide, preferably at a con- 
centration of between 5% and 10%, to produce an 
extrad. The pH of the extract is then reduced to about 
10, preferably through the additfon of an acid such as 
hydrochloric add or sulfuric acid. This results in the pre- 
dpitation of silidc add. The silicic add is then removed, 
preferably by filtering. The silidc add may then be 
treated with an oxidizing agent such as NaOQ. to 
reduce the cdor of the silidc add. The silidc add can 
be further processed into silica gel. sodium silicate and 
potassium silicate. The remaining extract is then prefer- 
ably recyded by adding NaOH to a final concentration of 
between 5% and 10%. and then adding the extract to 
new solids prior to the treatment off these solkis with 
sodium hydroxide. 

[0027] Further aspects of the present invention will 
become apparent to those of ordinary skill in the art 
upon reference to the ensuing desaiptron of the inven- 
tion. 

Brief Description of the RaureR 
[0028] 

FIGURE 1 is a schematic view of the method of the 
present invention, illustrating the decrystallization 
and hydrolysis stages. 

FIGURE 2 is a schematic view of the method of the 
present invention, illustrating the separation, fer- 
mentation and acid reconcentration stages. 
FIGURE 3 is a schematic view of the method of the 
present invention, illustrating the silica processing 



Detailed DescriPtfon of the liwenHnp 
IntrodMgtipn 

[D029] This invention provides an improved process 
for producing sugars from biomass containing cellulose 
and hemicelluiose using concentrated sulfuric add. The 
sugars produced can be used as animal or human food, 
as feedstock chemicals to make sugar derivatives such 
as sugar esters, or as feedstock for fermentation to eth- 
anol or other products such as butanol, propanol. ace- 
tone, ethyl acetate, and many other chemicals for which 
specific microorganisms can be used to fdlow a specific 
metabolic pathway. 

[0030] The process of the present invention provides 
a means for produdng sugars from biomass which also 
reduces the amount of waste product or effluents pro- 
duced. The process is designed to reuse all aqueous 
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streams and to cx)nvert all solids t^aleable or useful 
products. Much of the acid used is recovered for recy- 
cle. In the case where the biomass contains high levels 
of silica, the process is able to produce silica gel. 
sodium silicate, or potassium silicate as ancillary prod* 
ucts. In the portions of the process involving fermenta- 
tion, the fermentation of both the C5 and C5 sugars can 
be accomplished simultaneously using naturally occur- 
ring microorganisms. In addition, a high yield of sugar is 
obtained from the hydrolysis of the biomass. making 
concentration of the sugar streams prior to fermentation 
unnecessary. 

[0031] Other features of the present invention that 
contribute to its efficiency and economic feasibility 
include the use of atmospheric pressure and relatively 
low temperatures. The process does not result in the 
production of furfural and similar undesirable by-prod- 
ucts which are toxic and inhibit fermentation. The proc- 
ess of the present invention does not require the use of 
exotic and expensive materials of construction such as 
tantalum steel. 

[0032] As will be explained more fully below, the proc- 
ess of the present invention provides an efficient, cost- 
effective means of producing useful chemicals from the 
hydrolysis of agricultural waste, while at the same time 
producing little or no waste effluents or materials. 
[0033] The examples which follow are illustrative of 
the process of the present invention. 

Decrvstallization 

[0034] The raw materials used in the method of the 
present invention are blended such that the cellulose 
and hemicellulose content is at least 65%. and more 
preferably about 75%. As an optional first step in the 
process, the biomass can be washed to remove gross 
dirt and contamination. As seen in FIGURE 1, the rice 
straw 1, the biomass used as an example throughout 
the f igures, is washed with water 2. Advantageously, the 
method of the present Invention can be used with a vari- 
ety of raw materials, including rice straw, which, 
because of its high silica content is more difficult to 
process than other materials. It should be noted, how- 
ever, that the principles of the present invention are not 
limited to any particular type of biomass. but are 
intended to apply to a broad range of materials. Rice 
straw Is intended to be merely exemplary in nature. 
[0035] After the washing is complete, the used water 
is transferred to a settling pond 4, to allow dirt and other 
sediment to collect on the bottom 6. after which the 
water can be reused 5 to wash the next portion of rice 
straw before processing. 

[0036] Once the rice straw has been cleaned, it may 

be optionally dried 8, preferably to a moisture content of 
approximately 10%. After drying, the material is ground 
7 to particles ranging in size from 0.075 mm to 7 mm. 
Preferably, the particles range in size from 3 mm to 7 
mm. and are of an average size of 5 mm. it should be 
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noted that for some materiai9i& order of these two 
steps should be reversed. That is. the material may be 
wet ground using a device such as a hydropulper and 
then dried. 

5 [0037] The rice straw is now ready for the decrystalli- 
zation stage. In the process of the present invention, 
raw materials containing cellulose and/or hemicellulose 
are first mixed with concentrated sulfuric acid 9 at a con- 
centration of between 25% and 90% to effect decrystal- 

10 lization. Preferably, the concentration of acid used is 
between 70% and 77%. The acid should be added to 
achieve a ratio of the weight of pure acid to the weight of 
cellulosic and hemicellulosic materials of at least 1:1. 
Preferably, the ratio achieved is 1.25:1. The addition of 

IS add to the biomass results in the formation of a thick gel 
10. Advantageously, this mixture of the raw material 
with the ackJ results in the disruption of the bonds 
between the cellulose and hemicellulose chains, mak- 
ing the long chain cellulose available for hydrolysis. 

20 [0038] The decrystallization is perfbmied such that 
the temperature does not exceed SO^'C, and is prefera- 
k)ly in the range of 60-80°C. If the temperature during 
decrystallization exceeds 80''C. much of the C5 sugars 
will be lost in the subsequent hydrolysis. The method of 

25 the present invention uses conditions which consent 
the more reactive sugars that are produced earlier in the 
hydrolysis process. The decrystallization step prevents 
premature hydrolysis and consequently increased deg- 
radation of the sugars. The decrystallization stage is fur- 

30 ther described in Examples 1 -3 which follow. 

Example 1 < 

[0039] Rice straw, containing 75% by weight of cellu- 
3S k)se plus hemicellutose. and weighing 50.01 grams was 
mixed with 66.82 grams of 77% H2SO4. The rice straw 
was slowly added to the H2SO4 such that there was 
excess liquid available after each increment was added. 
The temperature was kept below aO'^C. After the last 
40 amount of rice straw was added the resulting gelatinous 
mass was thoroughly mixed. 

Example 2 

45 [0040] Rtoe straw weighing 50.04 grams was mixed 
with 98.91 grams of 77% H2SO4. The rice straw was 
slowly added to the H2SO4 such that there was excess 
liquid availak}le after each inaement was added. The 
temperature was kept below dO^'C. After the last amount 

50 of rice straw was added the resulting gelatinous mass 
was thoroughly mixed. 

Examples 

55 [0041] A mixture of wood prunings and newspaper 
weighing 1 00.00 grams was mixed with 167.63 grams of 
77% H2SO4. The wood prunings were ground to 3-7 
mm in size and 40 grams were mixed with 60 grams of 
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n««paper which had been slI^L into app««i- 

Z yL"'"' "^^ "''^^^ ««s Slowly Xj to 
the H2S04 such that there «as excess liquid available 
after each increment was added. The temperature was 
kept below 80'C. After the last amount of prunings and s 

'^^"spaper was added the resutting gelatinous m^^^ 
was thoroughly mixed. 



liacid 



17.6% sugars and 36.85% ack 
W0461 After pressing, the resulting cake containing 
the solid matter was washed with 170 grams of water 
and pressed again to yield a liquid which was 16 3% 
acid and 8.92% sugar, which was used for subsequent 
washing to increase the sugar yield. 



FM-StHyrirnlyyi^ 

I00«] After the decrystallization Stage, the concen. 
trated acid in the mixture is diluted, preferably to a con- 
centration of between 20% and 30%. and preferably 
using recycled water 11. The mixture is then heated to 
a temperature of between 80 and 100- Celsius to effect 
^drolysis 12 Jhe hydrolysis is allowed to continue S 

S!r'l'i^'^^"*^*'*'^'"9°"*«»enper- 
Jure and the concentration of ce«ulose and hemicellu- 
lose in the raw materials. If the proper time is exceeded 

exceed their rate of fbmiation. Thus, to increase the 

11^.^ ' 1^ '"""^ to stop the first hydrolysis 
after atme and remove the sugars, then perform a sec- 
ond hydrolysis to convert the remainder of the cellutose 
and hemicellulose to sugars. After hydrolysis, the add 
sugar solution is separated from the remaining solids, 
preferably by pressing 15. The hydrolysis stage Is S 
ther described in Exanvles 4-6 betow. 

Example 4 



f^. L *® gelatinous mass fiom Example 

rJtr^^J^ ^Vdrolysis to 

of the total mixture to 
30%. -me sample was heated to lOO'C for 60 minutes, as 
Some water evaporation occurred during the beatino 

The gelatinous mass was pressed to yield 93 giams of 
a liquid which was 17.1% sugars and 35.52% a^L 

Examples 

40 

[00441 After the resulting gelatinous mass in Example 
104.56 grams of water w^e 
S^ J^ **** of the total mix- 

ture to 30%. The sample was heated to 100'C for 60 45 
mnirtes. The gelatinous mass was pressed to yield 



SiHca Proftajffiinq 

10 [00471 The present invention advantageously also 
^'^^ "^^^ ««aining high 
amounts of silica. This process is illustrated in FIGURE 
3. The pressed solkls 14 remaining after the first hydrol- 

,5 ^ZJ'^^*^**'.'"'*^'^■^^=°^'"•"•vdroxide16 
to extract silicic aad 18. This stage of the process is 
optiorial and is used when the bnmass contains high 
amounte of silica, such as is the case wHh rice strS 
and cotton gin trash. After treatment with sodium 
fiydroode 16 the solids are first heated 16A and then 

P;;«^J7andwa8hedwithwatertoextractaliquidi8 
This liquid is treated with add ISA to reduce fte ph" 

byfiltralion 22. The material in the fifter is bleached 19B 
« mw.^* ^ essentially pure silica gel. 

25 2'""«»9«'«"beturthertreatedtoproducesod-L 

ajcate^ssium silicate, or other useful materiT 

TTie ejraction of silica is further desaibed in connect 

ton with Examples 7-9 betow. 

so Example 7 



[0048] Rice straw hydrolysis cake, formed as in Exam- 
£ I *^'9'''"9 *»-7S grams after pressing out 

J2 tSS^i^X'^*'^'^ *^ 659.8 grams of 
S% NaOH solution. The mixture was heated to 80'C for 
90 minirtes. The cake was pressed and washed wHh 
vrater. The total liquid extracted was found to have a pH 
above 12. The liquid was treated wfth c6ncentrated HQ 
toreduce the pH to 10. A light fluffy precipitate fomred 

^ISlrr T^*^ ^ '^^ "^terial was 

Weached in the filter by addition of 11% solution of 
NaOCI to produce an off-white material whidi is essen- 
tially pure silica gel. The material from the fifter was 
rewvered as silica by drying to the desired moisture 

Example 8 



Example 6 

[0045] After the resulting gelatinous mass fixw Exam- 
ple 3 had. been thoroughly mixed. 162.62 grams of 
water were added for hydrolysis to reduce the add con- 
centration of the total mixture to 30%. The sample was 
heated to lOO'C for 60 minutes. Some water e^S 
tion occurred during the heating. The gelatinousTass 
was pressed to yiekl 214.3 grams of a liquid which was 



(00491 The filter cake silica gel prepared by the 
so nrefhod of Example 7 was treated with NaOH pellets to 
produce sodium silicate. Analysis of the sodium silicate 
solution by FT-IR spectroscopy showed recovery of the 
silica from the cake to be greater than 85%. 

55 Example 9 

. 9«' Prepared by the 

method of Example 7 was treated with KOH pellets to 
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produce potassium silicate in quantffive yields. atx)ut 7% silica. 
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Second Decrvstallization and Hvdrolvsis 

[0051] To increase the sugar yields produced using 
the method of the present invention, yet another aspect 
of the present invention involves a second decrystalliza- 
tion and hydrolysis step. The solids remaining after the 
first hydrolysis, or alternatively, the solids remaining 
after treatment with sodium hydroxide to extract silica, 
are dried 23. The dry solids 24 are mixed with concen- 
trated sulfuric add 25 at a concentration of between 
25% and 90% to effect the second decrystallization. 
Preferably, the acid concentration is between 70% and 
77%. It is not necessary to hold the material for the 
same length of time as in the first deaystallization. In 
fact, this second deaystallization can be as short as the 
few minutes it takes to mix the acid and the solids. This 
second decrystallization also results in the formation of 
a thick gel 26. 

[0052] The concentrated acid is then diluted, prefera- 
bly to a concentration of between 20% and 30% and 
preferat3ly using recycled water 27. The mixture is then 
heated to effect a second hydrolysis. The resulting gel 
28 is presses to obtain a second acid sugar stream 30, 
and the streanrs from the two hydrolysis steps are com- 
bined. The remaining lignin-rich solids are collected and 
optionally pedetized for fuel 29. Advantageously, pelleti- 
zation of the lignin-rich cake helps reduce the waste 
produced ty the process of the present Invention. 
[0053] The second decrystallization and hydrolysis 
steps are further explained in Examples 10 and 11 
which follow. 

Example 10 

[0054] The cake formed from pressing after the first 
hydrolysis of rice straw was collected and dried to a 
moisture content of 10%. The cake, containing 41% cel- 
lulose and weighing 50.03 grams, was mixed with 33.28 
grams of 77% H2SO4 to achieve a ratio of pure add to 
cellulose of 1 .25 to 1 . The cake was slowly added to the 
acid and mixed until a thick gel was formed. The result- 
ing pure acid concentration in the mixture was 30.75%, 
thus 17.00 grams of water was added to provide a final 
pure acid concentration of 25.5%. The mixture was then 
heated at lOO^'C for 50 minutes. After cooling, the gel 
was pressed to recover 31 .45 grams of a liquid contain- 
ing 18.2% sugar and 21.1% add. The cake containing 
the solids remaining after pressing was washed with 25 
grams of water to produce a solution which was 15.4% 
sugar and 19.7% acid. 

[0055] The pressed cake was dried to a water content 
of about 1 0%. This cake was shown to have a fuel value 
of 8,600 BTU per pound. This fuel material, which is pri- 
marily lignin with unrecovered sugar, some sugar deg- 
radation products, and some unreacted cellulose 
burned extremely well but left an ash that contained 



Example 11 

5 [0056] The rice straw hydrolysis cake remaining after 
processing to remove silica, as explained in Example 7. 
which weighed 500 grams was mixed with 77% H2SO4 
to achieve a ratio of pure acid to cellulose of 1 .25 to 1 . 
The cake was slowly added to the add and mixed until 

10 a thick gel was formed. Water was then added to pro- 
vide a final pure add concentratk)n of 25.5%. The mix- 
ture %vas then heated at lOO'C for 50 minutes. After 
cooling, the gel was pressed to recover a liquid contain- 
ing both sugar and add. The cake containing the solids 

75 remaining after pressing was washed with water to pro- 
duce a second solution containing both sugar and add. 
[0057] The pressed cake was dried to a water content 
of about 1 0%. This cake was shown to have a fuel value 
of 8,600 BTU per pound. This fuel material, which is pri- 

20 manly lignin with unrecovered sugar, some sugar deg- 
radation products, and some unreacted cellulose 
burned extremely well and left an ash with a silica con- 
tent of less than 1%. 

25 geparqtion gf Aci0 qnd Spqar 

[0058] A further aspect of the present invention 
involves an improved method for separating the add 
and sugar in the hydrdysate produced from the acid 

30 hydrdysis of cellulosic and hemicellUlosic material. 
Refening now to FIGURE 2. the add sugar stream 31 is 
further processed through a separafaon unit, which com- 
prises a strong acid polystyrene-divinylbenzene resin 
bed. The resin is preferably cross-linked with divinylben- 

3S zene, which is preferably at a concentration of between 
6% and 8%. and treated with sulfuric add such that it 
has a strong add capacity of at least 2 meq/g. Several 
such resins are commercially available, induding 
OOWEX 40166. available from Dow Chemical. Finex 

40 GS-16, available from Finex. Finland, Purolite PGR- 
771. available from Purolite Inc., Bala Cynwyd PA. and 
IR-1 18, available from Rohm and Haas. In a particulariy 
preferred etrbodiment the resin used is DOW XFS 
43281.01, availat)le from Dow Chemical. TTie resin is 

45 preferably in the form of beads which are between 200 
to 500 micrometers in diameter. The flow rate of the 
resin bed is preferaksly 2 to 5 meters per hour, and the 
bed preferably has a tapped bed density of between 0.6 
and 0.9 g/ml. The resin bed should be heated, prefera- 

50 biy to a temperature of between 40-60''C. Higher tem- 
peratures can be used, but will result in premature 
degradation of the resin bed. Lower temperatures will 
result In separations which are not as effective. 
[0059] The sugar is adsorbed on the column as the 

55 add solution moves therethrough 32. Once the add has 
eluted, the resin may optionally be purged with a gas 
which is substantially free of oxygen, preferably less 
than 0.1 ppm dissolved oxygen. This gas acts to push 
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resulting in a 



any remaining add out of the 
cleaner separation. 
[0060] After the elution of the acid stream, the resin is 
washed with water 34 that Is substantially free of oxy- 
gen. The dissolved oxygen content of the water is pref- s 
erably below 0.5 ppm, and more preferably, below 0.1 
ppm. This washing results in the production of a sugar 
stream 33 containing at least 98% of the sugars in the 
hydrolysate that was added to the separation unit. 
[0061] As a result of the separation process, three to 
streams are collected: the add stream, the sugar 
stream, and a mixed acid-sugar stream which Is recy- 
cled through a second separation process. The add 
stream 32 is reconcentrated and recyded for reuse, as 
will be explained more fully below. The sugar stream 33, 75 
which preferably contains at least 15% sugar and not 
more than 3% acid, can then be fermented, if desired. 
The purity of the sugar can be calculated as a percent- 
age of the nonaqueous components of the sugar 
stream. Thus, any sugar purity off above 83.3% (100 x 20 
15/18) is suitable for fermentation. 
[0062] The indusion of add concentration as high as 
3% in the sugar stream does not cause problems for fur- 
ther processing. However, loss of significant proportions 
of sugar with the acid upon separation can decrease the 2s 
overall economy of the process. 
[0063] In an exemplary, ideal separation process. 1 00 
grams of water would be used to elute a 1 00 gram sam- 
ple solution containing 30 grams of add, 15 grams of 
sugar, and 55 grams of water from a separation column. 30 
In the case of perfect separation, the sugar stream 
would contain 1 5 grams of sugar and 85 grams of water. 
This would leave 30 grams of acid and 70 grams (1 00 + 
55 -85) of water for recovery of acid in the same concen- 
tration, 30%. as the original solution. 35 
[0064] However, a typical elution for the 100 gram 
sample solution referred to above would require that 
about 200 grams of water be added to the column. The 
sugar stream is still 15%. but now the add stream con- 
tains 1 70 grams (200 -i- 55 - 85) of water and 30 grams 40 
of acid, resulting in a 15% acid concentration. Thus, iff 
the acid stream was 95% pure with an add concentra- 
tion of 15%. approximately 1.5 grams of sugar would be 
lost witii the acid with every elution. If the sugar stream 
was 95% pure at a 1 5% concentration, only 0.75 grams 4$ 
of acid would be lost witii every elutioa This difference 
is due to the fact that the add stream contains twice as 
much material. Thus, the purity of the acid stream is a 
more inportant factor than the purity of the sugar 
stream. so 
[0065] The separation of ttie acid and sugars is further 
explained in Examples 12-19 which follow. 



Example 12 

[0066] An acid sugar stream produced by the hydrol- 
ysis of cellulosic and hemicellulosic material was sepa- 
rated by flowing it tiirough a 50 cm diameter glass 
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column of 1.2 liters volume packed with PCR-771, a 
strong acid cation exchange resin available from Puro- 
lite, Inc. The column was held at eo^'C and tiie volumet- 
ric flow rate was 70 ml/min. which translates into a linear 
flow rate of about 0.8 meters per hour. Three streams 
were collected, the add sti-eam. ttie sugar sti-eam and a 
mixed stream for recyde to another resin bed. The add 
stream was 96.8% pure (sum of acid and water). The 
sugar stream was 86.8% pure (sum of sugar and 
water). Overall, tiie recovery of the acid was 97.3% and 
the recovery of ttie sugar was 95.5%. 

Example 13 

[0067] A portion of hydrolysate liquid produced by the 
add hydrdysis of cellulosic and hemicellulosic material 
was separated by flowing it through a 50 cm diameter 
glass column of 1 .2 liters volume packed witfi PCR-771 . 
a strong acid cation exchange resin available from 
Purolite, Inc. The column was held at 40*C and tiie vol- 
umetric flow rate was 70 ml/min. Tliree streams were 
collected.ttie add stream, the sugar stream and a mixed 
stream for recycle to anottier resin bed. The add stream 
was 95.1% pure (sum of add and water). The sugar 
stream was 93.1% pure (sum of sugar and water). Over- 
all, tiie recovery of the acid was 98.6% and tiie recovery 
of the sugar was 90.6%. 

Example 14 

[0068] A hydrolysis liquid containing 34.23% H2SO4 
and 16.5% sugar was separated by flowing it tiirough a 
50 cm glass column of 1.2 liters volume packed witti 
PGR-771 . a strong add cation exchange resin available 
from Purolite, Inc. The column was held at 60'C and the 
volumetric flow rate was 70 ml/min. Three streams were 
collected, the acid stream, tfie sugar stream and a 
mixed stream for recyde to anottier resin bed. The acid 
stream was 96.47% pure (sum of acid and water). The 
sugar stream was 92.73% pure (sum off sugar and 
water). Overall, tfie recovery of tfie acid was 97.9% and 
ttie recovery of tiie sugar was 95.0%. 

Example 15 

[0069] Hydrolysate liquid produced from ttie hydrdy- 
sis of newspaper was found to contain 31 .56% acid and 
22.97% sugar. The liquid was separated by flowing rt 
tiirough a 50 cm glass column of 1.2 liters volume 
packed witti PCR-771, a strong acid cation exchange 
resin available from Purolite, Inc. The cdumn was held 
at 40*C and ttie vdumefric ftow rate was 70 ml/min. 
Three streams were collected, the add stream, the 
sugar stream and a mixed stream for recyde to another 
resin bed. The acid stream was 96.7% pure (sum of 
add and water). The sugar stream was 90.9% pure 
(sum of sugar and water). Overall, ttie recovery of the 
add was 99.5% and the recovery of the sugar was 
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96.7%. 
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Example 19 
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Example 16 

[0070] Hydrolysate liquid produced from the hydroly- 
sis of newspaper was found to contain 31 .56% acid and 
22.97% sugar. A portion of the liquid was separated by 
flowing it through a 50 cm glass column of 1 .2 liters vol- 
ume packed with Rnex GS-16, a strong acid cation 
exchange resin available from Finex, Finland. The col- 
umn was held at eo^'C and the volumetric flow rate was 
70 nrd/imin. A second portion of the liquid was also sep- 
arated by flowing it through a 50 cm glass column of 1 .2 
liters volume packed with Rnex GS-16. This column 
was held at 40^*0 and the volumetric flow rate was 70 
ml/min. In both cases, three streanrts were collected, the 
acid stream, the sugar slream and a mixed stream for 
recycle to another resin bed. The ackl streams were dt 
least 90% pure (sum of acid and water). The sugar 
streams were at least 94% pure (sum of sugar and 
water). 

Example 17 

[0071] A hydrolysate containing 15% sugar and 30% 
acid was separated using a 50 cm glass column of 1.2 
liters volume packed with DOW XFS 43281.01 resin, 
available from Dow Chemical. The column was hekj at 
60'*C and the volumetric flow rate was 65 ml/min. After 
adding the hydrolysate. the column was eluted with 
boiled and cooled distilled water. The acid stream was 
97.0% pure, and the sugar stream was 97^ pure. The 
amount of swelling between the acid and water phases 
on the resin was 2.48%. 

[0072] A second addition of the same hydrolysate to 
the column fblkiwed by elution recovered ^essentially all 
of the acid and sugar, with over 99.1% recovery, and 
97.2% sugar purity and 92.3% acid purity. The elution 
rate during the separation was 65 ml/min. 

Example 18 

[0073] An AST LCI 000 rotating resin bed device man- 
ufactured by Advanced Separation Technologies. Inc. 
was used to separate the sugar-acki mixtures. The 
device consisted of 20 columns of resin, each column 
containing 2 liters of bed volume. The columns were 
filled with Finex GS-16 resin held at 60'C. In one run of 
8 hours, the feed consisted of 14.89% sugar and 
23.79% acid. The elution rate was 244 ml/min. which 
corresponds to linear rate of 0.12 m/min or 7.3 m/hour. 
The sugar product purity was 94.6% and the acid prod- 
uct purity was 92.4%. The sugar recovery was 84% with 
a concentration of 13.9%. The acid recovery was 97.5% 
with a concentration of 7.5%. 



[0074] An AST LCI 000 rotating resin bed device man- 
ufactured by Advanced Separation Technologies. Inc. 

5 with a total bed volume of 15.2 liters was used to sepa- 
rate the sugar-acid mixtures. The columns were filled 
with Purdite PCR-771. The feed contained 12.6% 
sugar and 18.9% acid. The elution flow rate was 117 
ml/min. The sugar purity in the recovered stream was 

10 92.4% and the acid purity was 92.1% when the columns 
were operated at eo^'C. 

Concentrsrtion and Recydinq qI Acid 

15 [0075] The add solution 32 recovered from the sepa- 
ration unit can be concentrated and recyded for reuse in 
the earlier stages of the process of the present inven- 
tion. Concentration of the acid up to 35% is achieved 
through the use of a standard single stage evaporator 

20 36. A triple effect evaporator available from Chemitrix, 
Toronto. Ontario, Canada, is preferably used, resulting 
in increased concentrations of 70-77%. The water 35 
recovered in the concentrator can be used as elution 
water in the resin separator unit. 

25 

Fermentation 

[0076] Another aspect of the present invention 
involves an improved method for fermenting the sugar 

30 stream separated after the acid hydrolysis of cellulosk; 
and hemiceilulosic matenials. The sugar stream con- 
tains both hexose and pentose sugars. These sugars 
can optionally be fermented simultaneously using natu- 
rally occurring microorganisms. Advantageously, this 

35 ol3viates the need for separation of the sugars, or their 
sequential fermentation. 

[0077] The sugar solution 33 recovered from the sep- 
aration unit after acid hydrolysis may still contain a 
residual amount of add. This add should first be neu- 

40 tralized 37. preferably with slaked lime, to a pH of 
between 10 and 12. This high pH advantageously 
removes all traces of metal ions that might interfere with 
sut)sequent processing. Nutrients 40 such as magne- 
sium, nitrogen, potassium phosphate and vitamins are 

45 then added to fadlitate the growth of microorganisms. 
[0078] One important aspect of the present invention 
is the ability to ferment both C5 and Ce sugars 39 
together when desired. We have discovered that certain 
yeasts 43 cultured in a certain way are effective in this 

50 double fermentation. We have found that Candida kefyr. 
Pichia stipttis. and respiratory deficient strains of Sac- 
charomvces cerevisiae. among others, work well at 25- 
32'C, provided that they have been previously grown on 
pentose solutions for 1-2 weeks before being used on 

55 the mixed sugars. 

[0079] If one desires to ferment the hexoses sepa- 
rately to recover the pentoses for other purposes, one 
can use known glucose yeasts such as j 
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C^revisis^. Kluveromvces fihAha^P^.or ghehatae. 
ligOJSa and inseelQSa. Certain bacteria also produce 
useful fermentation products and can be used in con- 
nection with the method of the present invention. The 
bacteria include Clostridluni species and Zvmomon^^ 5 
mobilis. 

[0080] In cases where the yeast or bacterial fermen- 
tations slow down due to the repressing effects of etha- 
nol or other volatile products, the volatile fermentation 
products can be removed continuously by recirculating 10 
the carbon dioxide produced by the fermentations 
through a cooled condensing column and then reintro- 
ducing the cattjon dioxide into the fermenter. The vola- 
tile components, along with some water, condense in 
the column and can be collected for further purification, is 
The process also has the advantageous effect of cool- 
ing the fermenter which is required for very active fer- 
mentations. 

[0081 ] After the fermentation Is complete, which takes 
approximately 3-5 days, the fermentation products and so 
microorganisms are separated, preferably by centrifu- 
gation 41, The miaoorganlsms 43 can be recycled to 
the next batch of sugars. The alcohol solution 44 can be 
sent to a distillation column 46 for further processing. 
[0082] The preferred method of fermentation is further 5s 
explained in Examples 20-21 which follow. 

Example 20 

[0083] Sugar solutions obtained from the resin sepa- 30 
ration columns over several runs were combined and 
neutralized with Ca(0H)2 to pH 10 to 11. The solution 
was filtered to separate CaS04 (gypsum) and a dear 
yellowish sugar liquid. The pH of the sugar liquid was 
adjusted down to pH 4.5 by use of a combination of con- 3s 
centrated phosphoric acid and sulfuric add. Phosphoric 
acid vyas added first to deliver 0.3 g/l of H3PO4. Nutri- 
ents were then added before the neutralization while the 
solution is still sterile due to the high pH. The nutrients 
included 0.07 g/l of MgS04. 0.2 g/l of KNO3. 0.5 g/l of 40 
urea. 1.0 g/l of yeast extract, 0.1 mg/l of FeNaEDTA. 
0.01 mg/l of H3BO3. 0.04 mg/l of MnS04-H20. 0.02 
mg/l of ZnS04-7H20. 0.003 g/l Kl. 1 jig/i of 
Na2Mo04 • 2H20, 0.1 |ig/l of CUSO4 • 5HoO and 0.1 ao/l 
ofCoCi2-6H20. ^ 
[0084] The solution was then fed into a fermenter con- 
taining CaodBa tofyt (ATCC 8619), Pichia stipitis 
(NRRL Y-7124). Hansenula anomala (ATCC 42398). 
Hensenula anpmala (ATCC 8168). Hansenula fablanil 
(ATCC 16755), Hansenula iadinii (ATCC 18201). or a so 
respiratory deficient strain of Saccharomyces c'erevi- 
S!a& which had been previously grown on 5% xylose 
media. The yeast "cream" In the fermenter contains at 
least 20 grams of yeast in approximately 1 00 ml of the 2 
liter fermenter volume. Approximately 200 ml of the ss 
solution is added. The addition was repeated each day 
for three days. The yeast fermented both the C6 and C5 
sugars in the solution. 
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Example 21 



[00851 Sugar solutions obtained from the resin col- 
umns were combined and neutralized with Ca(0H)2 to 
pH 10 to 11. The solution was filtered to separate 
CaS04 (gypsum) and a clear yellowish sugar liquid. The 
pH of the sugar liquid was adjusted down to pH 4.5 by 
use of a combination of concentrated phosphoric acid 
and sulfuric acid. Phosphoric acid is added first to 
deliver 0.35 g/l of H3PO4, Nutrients are added before 
the neutralization while the solution is still sterile due to 
the high pH. The nutrients included 0.07 g/l of MgS04 
0.2 g/l of KNO3, 1 .0 G/L OF (NH4)2S04. 1 .0 g/I of yeast 
extract. 5.0 mg/l of FeS04. 1 .0 mg/l of H3BO3. 5.0 mg/l 
of MnS04*2H20, 10 jJig/l of CuS04*4H20. 20 ^ig/l of 
CoCl2-6H20, 10 fig/l biotin, 0.25 mg/l pyridoxine HCI. 
1.5 mg/l l-lnositol, 2.0 mg/l Ca pantothenate. 5.0 mg/i 
thiamine HCI and 25 mg/l of peptone. 
[0086] The solution was then fed into a fermenter con- 
taining Caodidi teto (atcc 8619). Pjchia stiDitis 

(NRRL Y-7124). Hansenulq anomala (ATCC 42398), 

aai^fioula anomala (atcc 8I68). Haosfioula fatW 

(ATCC 16755). Hangenula jadinlj (ATCC 18201). or a 
respiratory deficient strain of Saccharnmvfipy cerevi- 
Ssa& which had been previously grown on 5% xylose 
media. The yeast "cream." estimated to contain at least 
20 grams of yeast, occupied approximately 100 ml of 
the 2 liter fermenter. Approximately 200 ml of the solu- 
tion is added. The addition was repeated each day for 
three days. The yeast fermented both the C6 and C6 
sugars in the solution. 

[0087] The addition of H3BO3 to the media can be 
eliminated, if desired. H3BO3 should not be added to the 
media if bacteria, rather than yeasts, are used fbr fer- 
mentation, since boron is toxic to the bacteria. 
[0088] Although certain examples have been used to 
illustrate and describe the present invention, it is 
intended that the scope of the invention not be limited to 
the specific examples set forth herein. Accordingly, the 
scope of the invention is intended to be defined only by 
the claims which follow. 

Claims 

1. A method of separating acid and sugars from liq- 
uids resulting from the add hydrolysis of materials 
containing cellulose and hemicellulose. conprising: 

adding the liquids to a resin separation unit 
comprising a cross linked polystyrene cation 
exchange resin bed whereby the sugar is 
adsorbed on the resin, thereby produdng an 
acid stream containing less than 2% sugar. 

2. The method of claim 1 , wherein said resin is aoss 
linked with divinylbenzene and treated with sulfuric 
acid to produce a strong acid resin. 
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3. The method of claim 2. wher^K dMnylbenzene 
is at a concentration of from about 6% to about 8%. 

4. The method of claim 1 , wherein said resin is made 

by polymerizing vinylbenzyl chloride with divinyl- s 
benzene and treating with sodium sulfite. 

5. The method of claim 4, wherein the divinylbenzene 
is at a concentration of from about 6% to about 8%. 

10 

6. The method of claim 1 . wherein said resin is in the 
form of beads having a diameter of from about 200 
to about 500 miaometers. . 

7. The method of claim 1 , wherein liquid flows through is 
the resin bed with an average linear flow rate of 
from about 2 to about 5 meters per hour. 

8. The method of claim . further comprising heating 
said resin bed to a temperature of from about 40 to 20 
about 60 degrees Celsius. 

9. The method of claim 1. wherein the resin has a 
strong add capacity of at least about 2 meq/g. 

.2S 

1 0. The method of claim 1 , wherein the resin bed has a 
tapped bed density of from about 0.6 g/ml to about 
0.9 gAnl. 

1 1 . The method of daim 1 , further comprising washing 30 
said resin with water substantially free of oxygen, 
thereby produdng a sugar stream containing at 
least 98% of the sugar in the liquid added to the 
separation unit. 

35 

12. The metfml of daim 1, further comprising purging 
the resin with a gas substantially free of oxygen, 
thereby pushing the add out of the resin before the 
washing step. 

40 
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(57) An economically viable method for producing 
sugars using concentrated acid hydrolysis of biomass 
containing cellulose and hemicellulose is disclosed. The 
cellulose and hemicellulose in the biomass are first 
decrystallized and then hydrolyzed to produce a hydro- 
lysate containing both sugars and acid. Silica present in 
the biomass can then be removed for further process- 
ing. The remaining solids are then subjected to a sec- 



ond decrystallization and hydrolyzation to optimize the 
sugar yields. An improved method for separating the 
sugars from the acid in the hydrolysate is also dis- 
closed. The resulting sugar stream can then be fer- 
mented, using an Improved method which allows both 
hexose and pentose sugars to be fermented simultane- 
ously. 
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